Abstract A new record of the Mono Lake excursion (MLE) is reported from the Summer Lake Basin of Oregon, USA. Sediment magnetic properties indicate magnetite as the magnetization carrier and imply suitability of the sediments as accurate recorders of the magnetic field including relative paleointensity (RPI) variations. The magnitudes and phases of the declination, inclination, and RPI components of the new record correlate well with other coeval but lower resolution records from western North America including records from the Wilson Creek Formation exposed around Mono Lake. The virtual geomagnetic pole (VGP) path of the new record is similar to that from another high-resolution record of the MLE from Ocean Drilling Program (ODP) Site 919 in the Irminger Basin between Iceland and Greenland but different from the VGP path for the Laschamp excursion (LE), including that found lower in the ODP-919 core. Thus, the prominent excursion recorded at Mono Lake, California, is not the LE but rather one that is several thousands of years younger. The MLE VGP path contains clusters, the locations of which coincide with nonaxial dipole features found in the Holocene geomagnetic field. The clusters are occupied in the same time progression by VGPs from Summer Lake and the Irminger Basin, but the phase of occupation is offset, a behavior that suggests time-transgressive decay and return of the principal field components at the beginning and end of the MLE, respectively, leaving the nonaxial dipole features associated with the clusters dominant during the excursion.
Introduction
Paleomagnetic excursions, like magnetic reversals, are enigmatic high-amplitude field variations that provide constraints on geodynamo behavior during transitional states [Gubbins, 1999; Lund et al., 2005; Roberts, 2008; Valet et al., 2008] , especially the unresolved question of the relative contributions of the axial dipole and the nonaxial dipole fields [Valet et al., 2008] . In addition, paleomagnetic excursions potentially provide important refinements to late Pleistocene age control, and excursions have been linked to extinction events during a critical period for the study of paleoclimate and human evolution [Benson et al., 1998 [Benson et al., , 2013 Mellars, 2006; Valladas, 2010]. et al., 2000; Zic et al., 2002] . However, these studies were completed using equipment whose sensitivity was comparable to the paleomagnetic signal during the excursion. Also, earlier studies lacked detailed rock magnetic analyses. Here we present an updated record from the Summer Lake Basin based on measurements made with a higher-precision magnetometer and modern rock magnetic instrumentation.
Methods
The 14.3 m long BB3-I core was taken from a hole located at 42.8057°N, 120.7831°W with a modified Livingston corer in liners consisting of 9.8 cm internal diameter (schedule 40) PVC pipe. Whole-core susceptibility was measured in the field with a Bartington MS2/MS2C meter/sensor combination immediately after core segments were retrieved from the coring rig, and the ends were secured with plastic wrap and duct tape. After transportation to cold storage at California State University, Bakersfield (CSUB), the core liners were cut in two places parallel to the core axis using a handheld circular saw. The core segments were subsequently split using potter's wire. Lithologic descriptions and core photographs were acquired shortly after splitting of the cores. Samples were taken from suspected volcanic ash beds for tephrochronological analyses and for radiocarbon dating of bulk organics. The grain size spectrum of subsamples was measured using a Malvern Mastersizer 2000 laser granulometer.
U-channel samples were extracted for reconnaissance paleomagnetic measurements using a 2-G Enterprises Model 755 rock magnetometer at the University of California, Davis, with measurements after alternating field demagnetization (AFD) at peak fields of 0, 5, 10, 15, 20, and 25 mT. Discrete and oriented 5.1 cm 3 samples were later extracted back-to-back from a subsection of the core found from the reconnaissance study to contain excursional directions. The natural remanent magnetization (NRM) of the discrete samples was measured using the same magnetometer at UC Davis after AFD at 0, 5, 10, 15, 20, 25, 30, 40, 50, 60 , and 80 mT. A characteristic remanent magnetization (ChRM) was determined by applying principal component analysis to the four measurements [Kirschvink, 1980] between AFD steps of 25 and 50 mT using the ZPlotit software written by G. Acton (2009 update) . The low-field magnetic susceptibility of these samples was measured with a Bartington Instruments MS2/MS2B meter/sensor combination. Anhysteretic and isothermal remanent magnetizations (ARM, IRM) were also measured before and after AFD at 0, 10, 20, 30, 40, 50, 60 , and 80 mT. The ARM bias and alternating field (AF) acquisition fields were 0.05 and 100 mT, respectively. The IRM acquisition field was 1.0 T. Samples were fully demagnetized at peak fields of 100 mT before laboratory magnetizations were imparted and measured.
Rock magnetic analyses were undertaken at the Institute for Rock Magnetism, University of Minnesota. The measurements include hysteresis loops with a Princeton Measurements Corporation vibrating sample magnetometer, backfield measurements for calculation of the S ratio, and measurement of the anisotropy of magnetic susceptibility (AMS) using a Kappabridge KLY-2 instrument. Additional AMS measurements were conducted at the University of Southern California using a Kappabridge KLY-4S instrument.
Magnetic-mineral separates were prepared following the procedure outlined by McCabe et al. [1983] , Wisniowiecki et al. [1983] , and Horton et al. [1984] . The magnetic minerals were dried rapidly using acetone to prevent oxidation [Horton and Geissman, 1990] . The magnetic separates were analyzed in the CSUB X-ray diffraction (XRD) laboratory using a Cu Kα X-ray source and were examined using secondary electron imaging at the CSUB scanning electron microscopy (SEM) Laboratory. Polished rounds of magnetic separates were visually inspected using standard reflected-light microscopy. They were then examined with the SEM using backscattered electron imaging and were chemically analyzed using energy-dispersive X-ray spectroscopy (EDS); EDS analysis were compared with a magnetite standard. Due to limitations imposed by the electronbeam-interaction volume, only grains larger than 10 μm were analyzed.
Results

Age Control
In previous studies, the MLE was found below Summer Lake tephra layer F (also known as the 34-30 cal ka B.P. Wono tephra) and Summer Lake tephra layer G, and above the 47-43 cal ka B.P. Mount St. Helens Cy tephra layer [Negrini et al., 2000; Kuehn and Negrini, 2010; Benson et al., 2013] . Based on major element geochemistry of glass shards, the tephra layers found at 9.23 and 9.64 m belowground surface (mbgs) in the BB3-I core are correlated with the Wono and G tephra layers, respectively (Table 1) . Their thicknesses (1 cm) and separation (~40 cm) are consistent with those found in the nearby BB1 core [Negrini et al., 2000] . Also, these ash beds are graded. These observations imply that these two tephra layers are primary deposits derived from air fall into the lake.
The tephra layer found at 13.7 mbgs is correlated by major element glass shard composition to the Mount St. Helens Cy tephra layer (Table 1) . In contrast to the Wono and G tephra layers, the Mount St. Helens Cy tephra layer was an order of magnitude thinner in the BB3-I core than in the BB1 core. Based on this dramatically different thickness, we conservatively infer that the Mount St. Helens Cy tephra layer in the BB3-I core was redeposited, and thus, it provides a maximum age of 47-43 cal ka for sediment at 13.7 mbgs.
Twelve AMS radiocarbon dates from the interval containing and below the Wono tephra layer are summarized in Table 2 and Figure 2a . The raw 14 C age of the Wono tephra layer was determined by averaging two bracketing radiocarbon dates. The resulting age (29.7 ± 510 14 C kyr B.P.) is 3 kyr older than that determined by radiocarbon dating from the Pyramid Lake core (PLC92B) as reported by Benson et al. [1997] but only~500 years older than the uncalibrated age for the same tephra layer as determined in a newer core from Pyramid Lake, with dating based on correlation of paleomagnetic secular variation features with those from North Atlantic marine sediment cores [Benson et al., 2008 [Benson et al., , 2013 . These observations suggest that the lake reservoir effect of the BB3-I core is somewhere between 500 and 3000 kyr. This reservoir correction is consistent with the radiocarbon age of modern sediments in the Summer Lake Basin (~2200 years) as determined by interpolating five Holocene radiocarbon ages to the top of BB3-I core (Figure 2b ). We note that this conclusion presumes that there has been no significant deflation of the modern surface. Based on the above discussion, a conservative estimate of the lake reservoir effect, 500 years, was subtracted from raw 14 C ages before calibration. Because this is the minimum estimate of the lake reservoir effect and because the dates are on bulk organic matter, which is material that may have been redeposited [e.g., Abbott and Stafford, 1996] , the resulting calibrated dates likely represent maximum ages.
Sedimentology
The sediments of the BB3-I core are dominantly fine silts (mean grain size <15 μm) with rare thin fine sand layers, sometimes in the form of volcanic ash. A prominent unconformity was found at 12.6 mbgs ( Figure 3 ). The sediments below this unconformity are uniformly fine grained. The unconformity is marked by a coarse-grained layer which fines upward into laminated fine-grained lake sediments. The radiocarbon dates increase abruptly across this unconformity suggesting several thousand years of either nondeposition, or erosion of several thousand years of sediments at the unconformity, or more likely a combination of the two processes. As a result, there is no sedimentary and, hence, paleomagnetic record in the BB3-I core from~42 to~37 ka (Figure 2a ).
Sediment Magnetism
We report here the paleomagnetic record below 9 m that includes the Wono tephra layer and the underlying MLE. The declination, inclination, and maximum angular deviation (MAD) associated with the ChRM are plotted in Figure 4 . After AFD to 25 mT, the mean NRM intensity within the excursion interval ranged from 0. 81 to 13 mA/m with a mean and standard deviation of 6 ± 3 mA/m (Figure 4 ). The inclination of the minimum principal AMS axis was always greater than 70°with few exceptions. The exceptions, presumably associated with sediment deformation, were always from the top few centimeters of core drives that contain sediment that had fallen into the open hole after removal of the core barrel. Reinspection of the core drive tops after oxidation enhanced the visibility of sedimentary features and revealed zones of displaced sediment (e.g., mismatched sediment color, high angle layering, etc.). The associated paleomagnetic samples were deleted from the final data set.
The shapes of hysteresis loops ( Figure 5 ) suggest that the magnetic grain size distribution is uniform throughout the studied interval and is consistent with a magnetic mineralogy of (titano)magnetite. The latter [Stuiver et al., 2014] . Prior to calibration, a 500 year lake reservoir correction was subtracted. This represents a conservative (i.e., minimum) estimate for the reservoir effect (see text for further discussion). (b) Uncorrected radiocarbon dates from the top 2 m of the BB3-I core. The 2.2 kyr age for the top of the core suggests that either the 500 year lake reservoir correction used in Figure 2a is an underestimate or that significant deflation of the lake bed surface has occurred. XRD analyses of magnetic separates from samples ranging in depth from 950 to 1290 cm are shown in Figure 6 and are from the same depths as the samples corresponding to the hysteresis curves shown in Figure 5 . The XRD peaks correspond to the characteristic peaks for magnetite, titanomagnetite, and other magnetic spinels; peaks corresponding to greigite are not present. Although small amounts of maghemite, hematite, and ilmenite were identified using reflected-light microscopy, these minerals are not evident in the XRD patterns, indicating that their abundance is minor. The X-ray diffractograms also indicate the presence of plagioclase feldspar, which is confirmed by SEM and EDS analyses ( Figure 7 ). It is possible that the feldspars contain small magnetite inclusions [e.g., Feinberg et al., 2005] , which accounts for their inclusion in the magnetic-mineral separates.
Journal of Geophysical Research: Solid Earth
Results of 656 SEM-EDS analyses of magnetic mineral grains are shown in Figure 8 . The overwhelming majority of the grains are titanomagnetite with Fe:Ti atomic ratios between 7.5:2.5 and 8.5:1.5, but the magnetic minerals have variable compositions ranging between those for magnetite and ulvospinel. Most grains contain small amounts of Cr, Mg, and Al. Trace amounts of Mn, V, and Si are also common.
The uniformity of the concentration and grain size of magnetic minerals over the studied interval, especially within the excursion zone, is demonstrated by plots of k, ARM, IRM, and their ratios (Figure 4 ), which suggests that the magnetic carriers are suitable for relative paleointensity (RPI) normalization [King et al., 1983; Tauxe, 1993] . In support of this contention, all three intensity normalization estimates produce consistent RPI estimates versus depth ( Figure 9 ).
Prominent discontinuities in declination, RPI, and magnetic concentration parameters at 12.6 m support the presence of the unconformity inferred from sedimentologal observations (Figures 4 and 9) . Thus, the hypothesis of a stratigraphic break at this depth is supported by magnetic results, sedimentology (Figure 3) , and 14 C dates (Figure 2 ).
The Mono Lake Excursion 3.4.1. Regional Reproducibility of Vector Components
The classic features of the MLE (Figure 9 ) from the sediments of the Wilson Creek Formation around the shore of Mono Lake, as demonstrated by several previous studies [Denham and Cox, 1971; Liddicoat and Coe, 1979; Lund et al., 1988; Liddicoat, 1992] , appear in our new record from the Summer Lake BB3-I core in a subset of 78 samples between 11.0 and 9.6 m. From bottom to top, the MLE is evident through the following features: (1) an initial westward declination swing between 11.0 and 10.7 m, (2) an RPI minimum at 10.8-10.7 m, (3) an inclination minimum at 10.6-10.5 m, (4) an inclination maximum centered at 10.15 m, and finally, (5) an eastward declination swing that peaks shortly above the inclination maximum. Data from the most detailed Wilson Creek/Mono Lake record [Liddicoat, 1992] and from the PLC08-1 core from Pyramid Lake, Nevada [Benson et al., 2008] , indicate that the major features of this excursion are reproducible between different sites in the Great Basin of western North America as expected due to the close proximity of the Great Basin localities relative to the geographic scale required for detectable differences in magnetic fields due to outer core sources [Harrison and Ramirez, 1975] . The stratigraphic correlation of tephra layers that are common between the records (Table 1) [Davis, 1985; Benson et al., 2013] illustrates the coeval nature of the records ( Figure 10 ). All records agree well with the one exception of the Wilson Creek RPI record; it fails to reproduce the increase in intensity that is evident in the other two records in the uppermost part of the excursion.
Duration of the MLE
Based on its RPI anomaly in the North Atlantic palaeointensity stack since 75 ka stack [e.g., Laj and Channell, 2007] , the duration of the MLE has been estimated to be of the order of a millennium. A longer duration of~3 kyr, however, is suggested if, in addition to the RPI signature of the excursion, one considers all inclination and declination anomalies from the westward declination swing at the excursion onset through the eastward swing at the end of the excursion. According to Zic et al. [2002] , the IRM record of the adjacent BB1 core correlates with the Greenland Ice Sheet Project 2 and Greenland Ice Core Project climate stratigraphies and, based on this correlation, the low inclination and RPI anomalies lie within interstadial Dansgaard/Oeschger events IS#7 and IS#6, which is consistent with the cosmogenic isotopebased placement of the MLE by Wagner et al. [2000] . Extending this correlation over the entire excursion, the MLE started immediately after the termination of IS#7 and continued until the end of IS#5 (Figures 4  and 9 ). Using the Greenland Ice Core Chronology 2005 for Greenland ice cores [Andersen et al., 2006; Svensson et al., 2005 Svensson et al., , 2008 , this represents a~3 kyr time interval from 35 to 32 ka. This age range is somewhat younger than that inferred from the radiocarbon dates in Figure 2a which suggests that the lake reservoir effect is closer to the maximum estimate of 3 kyr rather than the conservative 500 years used for the corrected values shown in Figure 2a . . XRD analyses for magnetic separates from the same intervals as the samples used in the hysteresis measurements shown in Figure 5 . The observed (M) peak positions correspond with those expected for magnetite, titanomagnetite, and other magnetic spinels; peaks corresponding to greigite (G) are not present. Plagioclase (Pl) was also present in the magnetic separates.
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Similar MLE VGPs Paths for the Summer Lake and Irminger Basin Records
The VGPs associated with the directional data in the excursion zone are plotted in Figure 11 . Also plotted here, for the first time, are the MLE VGPs from discrete samples associated with the youngest (34-32 ka) of three excursions reported from the ODP-919 record [Channell, 2006] . The VGP paths of the BB3-I and ODP-919 MLE records are remarkably similar. Both sets of VGPs move rapidly between the same three cluster positions after residing in them for time intervals corresponding to at least several samples. In the BB3-I record, the excursion begins with the VGPs moving to a region in the western equatorial Pacific (WPac), then moving to North Atlantic/Europe cluster (NAtl/Euro), and, finally, to a southern North America cluster (SNAm) after which the excursion ends. For the ODP-919 record, the excursion follows the same progression from cluster to cluster with the exception that it starts in the NAtl/Euro cluster, moves on to the SNAm cluster, and lastly to the WPac cluster. 
. Disappearing Magnetic Field Except for Oscillating Flux Centers
Based on the pattern associated with the VGP paths in Figure 11 , it is apparent that, at least for the large geographic region containing the Summer Lake and Irminger Basin localities, field behavior during the 35-32 ka MLE is dominated by recurrent movement of VGPs to the same clusters. Coeval VGP positions from previously published lava flow records are sparse but essentially occupy the same clusters (Figure 12a ), suggesting that these cluster positions dominate MLE field behavior as observed from localities extending into the eastern Atlantic Ocean [Kissel et al., 2011] , Europe [Plenier et al., 2007, and references therein] , and even New Zealand [Cassata et al., 2008 [Cassata et al., , 2010 .
The above observations suggest the following. During the excursion, the field is dominated by centers of flux corresponding to the three cluster locations indicated in Figure 11 . These flux centers exchanged dominance as they oscillated in strength during the excursion. As a result, VGPs from far removed localities were drawn to the dominant flux center when associated field lines were radially downward. The oscillation frequency of the flux centers was high enough that dominance exchanged 4 times during the 1-3 kyr long excursion (i.e., one oscillation every 250 to 750 years). 
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This model is consistent with the results of previous studies on nonaxial dipole field behavior associated with flux centers that are dominantly fixed with respect to location, magnitude, and oscillation frequency. First, dynamo studies have demonstrated that recurrent flux centers at more or less fixed locations can exist as a result of the effects of lower mantle inhomogeneities on the dynamo process [Bloxham, 2002; Olson and Christensen, 2002; Gubbins et al., 2007; Aubert et al., 2008] . Second, a takeover by a long-lived nonaxial dipole field in the absence of the dipole field during polarity transitions is also consistent with paleomagnetic results. For example, Hoffman and Singer [2008] reported VGPs of Pleistocene-aged transitional directions from lavas in Germany and Tahiti. In each case, the transitional VGPs plot in the same locations as those associated with historic nonaxial dipole fields for the respective sites [Hoffman and Singer, 2008] . Perhaps the most straightforward support for the persistence of flux centers suggested by the clusters in Figure 11 is provided by Korte et al. [2009] , who developed models of nonaxial dipole radial flux (NAD B r ) representing the most recent 3 ka using input from global archeomagnetic and sedimentary records (their Figure 13c) . Most of the models, including their preferred model, CALS3k.3, contain concentrations of downward directed radial flux in similar locations as the WPac, SNAm, and NAtl/Euro clusters (see blue, dashed contours in Figure 11 ). The strength of these radial flux centers approach 10 μT which is a significant fraction of the maximum strength of the current dipole field. Thus, if any of these flux centers was dominant at certain times during an Summer Lake BB3-I Core Pyramid Lake PLC08-1 Core Mono Lake Mill Creek Outcrop . Paleomagnetic vector components throughout the Mono Lake excursion from the BB3-I record at Summer Lake, Oregon, the PLC08-1 core at Pyramid Lake, Nevada [Benson et al., 2008] , and the Mill Creek outcrop of the Wilson Creek sediments at the Mono Lake Basin, California [Liddicoat, 1992] . Relative ages of these sequences are based on geochemically correlated volcanic ashes [Davis, 1985; Benson et al., 2003a Benson et al., , 2008 Benson et al., , 2013 Kuehn and Negrini, 2010] , the Wono and Wilson Creek Ash 15 (aka Carson Sink Bed), which established that all three sequences are recording the same excursion. The depth scale for the BB3-I core is the same as that in Figure 9 . Scale bars show relative depths for Pyramid Lake and Mono Lake records.
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excursion when the axial dipole field was very weak, then it could dominate the field globally and thus result in the VGP paths indicated in Figure 11 .
Oscillation frequencies of the dominant inferred flux patches would be required to allow four exchanges during the excursion which likely lasted 1-3 kyr. Such an oscillation frequency is consistent with the findings of Amit et al. [2011] , who suggested a~300 year average lifetime of flux patches based on a comparison of Holocene and modern magnetic field reconstructions designed to investigate the time dependence of flux patches. Using similar data sets, but concentrating on core surface flows not restricted to flux patches attributed to the nonaxial dipole field, Wardinski and Korte [2008] estimated core surface flow periodicities between~500 and 1000 years.
Geographical Variation in the Timing of the Excursion
Exchange between dominant flux centers during the MLE followed a consistent sequence from WPac to NAtl/ Euro to SNAm to WPac, but that sequence started at a different center for each record locality (Figure 11 ). This observation suggests that the intensity of the main field (i.e., all of the field not attributed to the flux centers) died out in a time-transgressive manner between the Summer Lake and Irminger Basin localities. That is, it appears that the excursion commenced (i.e., the main field intensity dropped to a negligible value) first at the Summer Lake locality when the WPac center was dominant. Then the onset of the excursion migrated to include the Irminger Basin locality. At this time both localities were in the excursion and both sets of VGPs occupied the NAtl/Euro cluster, which had become dominant. VGPs for both localities then migrated to the SNAm cluster as this flux center oscillated into dominance. Thereafter, the excursion ended (i.e., the main field intensity returned to dominance) starting at the Summer Lake locality as the BB3-I VGPs returned to the high latitudes typical of normal secular variation while those at ODP-919 which were still dominated by the final phase of the excursion migrated to the WPac cluster as this flux center strengthened. Finally, the excursion also terminated at the Irminger Basin locality. We note that the above hypothesis, while explaining the observations well, will require improvements in age control methods to achieve the submillenial-scale precision necessary for definitive testing.
The MLE at Mono Lake is Not the Laschamp Excursion
Based on alternative chronologies, several studies suggested that the excursion recorded in the sediments around Mono Lake is not a distinct excursion but instead is a record of the LE [Kent et al., 2002; Zimmerman et al., 2006; Tauxe, 2009; Cox et al., 2012; Vazquez and Lidzbarski, 2012] . We argue, on the basis of distinct magnetic field behavior associated with MLE records throughout the world and consistent 14 C ages of 34-32 ka across the three Great Basin MLE localities, one of which also possesses a record of a lower excursion at~40 ka (i.e., the LE), that the original interpretation of the MLE and LE as different excursions is better supported by the existing data [Denham and Cox, 1971; Benson et al., 2003a Benson et al., , 2008 Cassata et al., 2010] . [Liddicoat, 1992; Plenier et al., 2007; Cassata et al., 2008 Cassata et al., , 2010 Kissel et al., 2011] and (b) Laschamp [Guillou et al., 2004; Cassata et al., 2008; Knott et al., 2010] excursions. The ODP-919 study [Channell, 2006] also included a discretely sampled record of the Laschamp event shown in orange. The composite paths for the two excursions are clearly different. For example, only the LE contains fully reversed-polarity VGPs. Several additional highresolution sedimentary records of the Laschamp excursion not plotted here support this conclusion, as suggested in earlier studies [Lund et al., 2005; Laj and Channell, 2007; Channell et al., 2012; Nowaczyk et al., 2012] . The path associated with the excursion recorded in the Wilson Creek sediments from Mono Lake clearly corresponds to the Mono Lake excursion.
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First, the field behavior associated with the MLE is clearly distinct from that of the LE. Whereas records of the LE include VGPs that reached high southern latitudes, VGPs associated with the MLE are restricted to latitudes no farther south of the equator than~10° (Figure 12) . VGPs of the MLE from Great Basin and Irminger Basin sediments are also consistent with previously published records of the MLE from globally distributed localities (Figure 12a ), including several containing both the MLE and LE [Laj and Channell, 2007, and references therein; Nowaczyk et al., 2012] . Furthermore, a model of field behavior during the LE, which accurately reproduces six globally distributed, high-fidelity records of the event, fails to reproduce the declination and inclination changes observed during the MLE [Leonhardt et al., 2009] .
If our interpretation is correct, it seems that unresolved ambiguities related to protracted crystal residence or xenocrystic contamination may beset (U-Th)/He and U-Th isotope disequilibrium dating of Ash 15 at Mono Lake, which bisects the excursion. One possible explanation for the 40.8 ± 1.9 ka U-Th isotope disequilibrium age obtained from euhedral allanite and zircon crystals that appear to have been in equilibrium with the melt [Vazquez and Lidzbarski, 2012] is that crystallization occurred several kiloannum prior to eruption, a common phenomenon in silicic systems. Likewise, one possible interpretation of (U-Th)/He ages (34.9 ± 1.1 to 43.5 ± 1.3 ka, 38.7 ± 1.2 ka (mean ± 2SE), and mean square weighted deviation = 3.8) [Cox et al., 2012] from anhedral allanite crystals that yielded significantly older U-Th isotope disequilibrium crystallization ages (66.0 ± 3.3 ka) is that they reflect incompletely degassed xenocrysts. These crystals may have been incorporated from older volcanic centers or underlying sediments immediately prior to or during the eruption, as was proposed to explain the ubiquitous presence of xenocrystic sanidine and biotite crystals in which the K-Ar system was not reset by the eruption [Cassata et al., 2010] . Given typical differences in He and Ar diffusion kinetics [e.g., Farley, 2002; Cassata and Renne, 2013] , the (U-Th)/He system was likely more susceptible to resetting, which may explain why the youngest apparent ages reported by Cox et al. [2012] approach the~32-34 ka radiocarbon constraint on the age of deposition.
If, however, our interpretation is incorrect and the excursion at Mono Lake has an age of~41 ka, then either (1) it does not correlate with the excursion identified at Summer Lake, Pyramid Lake, and Carson Sink, despite its remarkable paleomagnetic similarity and correlated tephra layers or (2) it does correlate with these records, but the~32-34 ka radiocarbon age obtained at all three localities is incorrect, presumably due to a similar level of modern carbon contamination despite the fact that the material was sampled from core at two different core laboratories (BB3 and PLC-08 records) and from outcrop (Mono Lake record). This would further require similar levels of contamination at three different radiocarbon facilities. Regardless, both scenarios imply that apparent differences in paleomagnetic behavior between global records of the LE and the MLE are not significant and that the failure of the model of Leonhardt et al. [2009] on field behavior of the LE to reproduce the field changes associated with the excursion at Mono Lake is not significant.
On balance, to us the evidence is clear. The LE and MLE are distinct events defined by much different geomagnetic behavior. Further, the age control evidence adequately asserts that they are separated in time by several thousands of years. Because much of unambiguous paleomagnetic directional, RPI, and chronological evidence comes from or is closely tied to the original Mono Lake localities (e.g., Figures 10 and  12 ), we disagree with the suggestion of Laj et al. [2014] that the Mono Lake excursion should be renamed the Auckland excursion.
The distinctness of the field behavior associated with the two excursions also has paleoclimatological implications. The alternative chronology associated with the one excursion hypothesis predicts dramatically slower sedimentation rates for western Great Basin lakes and the corresponding dominance of low amplitude, smoothly varying, obliquity-driven insolation changes as a driving influence on lake level [Zimmerman et al., 2006] . Furthermore, a dramatic nonlinear response of Mono Lake levels to obliquity would be required to explain the square-wave nature of the CaCO 3 lake-level proxy and the inconsistent relationship between the abrupt changes implied by the CaCO 3 proxy and the associated phase of the obliquity signal [Zimmerman et al., 2006, Figure 8] . In contrast, the chronologies associated with distinct excursions predict faster sedimentation rates, more discontinuous deposition, and abrupt square-wavelike changes in proxy-based lake levels in response to high-amplitude, hemispheric, and millennial-scale climate change associated with Heinrich events and Dansgaard-Oeschger oscillations [e.g., Benson et al., 1998 Benson et al., , 2003b Benson et al., , 2013 Zic et al., 2002] . The latter scenario also predicts widespread lowstands and unconformities in the western Great Basin in association with stadial phases of millennial-scale oscillations, including lake Journal of Geophysical Research: Solid Earth 10.1002/2013JB010846 dessications and corresponding unconformities during Heinrich event 4 [Svensson et al., 2005 [Svensson et al., , 2008 . As a result, the~41 ka LE would have occurred at the beginning of very low lakes or dry lake beds in the western Great Basin and thus likely would not have been recorded unless the depocenters of extant lakes were sampled. Notably, unconformities of this age are found in the Summer Lake sediments (e.g., Figures 2-4 and 9) and are represented by the basal gravels in the Wilson Creek Formation [Lajoie, 1968; Liddicoat and Coe, 1979] which explains the fact that the LE is missing from these records. It is also notable that both the LE and MLE are found in the record from Pyramid Lake, Nevada [Benson et al., 2008] , which is an exceptionally deep basin lake that still contains abundant water despite significant historic drainage diversion.
